The aim of the study was to determine the possibility of reducing fat content in fatty sponge-cake products by addition of inulin. 200 g/kg, 440 g/kg, 680 g/kg and 100% of fat was substituted with 20 g/kg, 35 g/kg, 50 g/kg, and 62.5 g/kg of inulin, respectively. The authors used two types of fat: with low and high content of trans isomers -containing 2.1 g/kg and 511.2 g/kg of fatty acid methyl esters (FAME), respectively. An analysis of crumb quality and the evaluation of sensory discriminants were undertaken.
INTRODUCTION
Fat is the most energetic food component and can contribute to the global, well-known disorders such as obesity, atherosclerosis, hypertension, coronary heart disease, diabetes, and cancer [Hennelly et al., 2006] . Obesity is one of the most dangerous civilization diseases, which contributes to the development of many diet-related conditions. Based on research conducted by the WHO, obesity has affl icted more than 700 million adults worldwide [WHO, 2010] . Particularly negative is the fact of the growing obesity among children [James, 2008; De Onis et al., 2010] . Although fats consist of polyunsaturated fatty acids (PUFAs) that have a positive impact on human organisms [Marciniak-Lukasiak, 2011], bakery shortenings are characterized by a high content of saturated fatty acids (SFAs) and can be a source of trans fatty acids (TFAs). Many reports have indicated that high levels of TFAs in diet result in adverse effects on both low-density lipoprotein and high-density lipoprotein cholesterol [Bendsen et al., 2011; Żbikowska, 2010] .
Fats are also an important component of pastry goods, especially fatty sponge-cakes, as they hold the air in raw dough, thereby increasing its volume and creating a porous structure of baked products. They perform other functions, such as the impact on feelings upon eating, product appearance and texture, longer product stability, and are involved in the releasing of aromas [Rutkowska & Zbikowska, 2010] . Removal of fat from products characterized by the unbeneficial FA profi le leads to a reduction of a caloric value and to obtaining health-promoting foods, especially when fat is replaced by dietary fi ber.
Recent interest in inulin results from its prebiotic properties. Inulin belongs to long-chain carbohydrates [Blonska et al., 2014] and is not decomposed by human digestive enzymes. However it is a perfect carbon source for health-promoting prebiotic bacteria. Inulin is ranked as a soluble fi bre, because it is not hydrolyzed in the human gastrointestinal tract. Moreover, inulin has various functional properties. One of the most important is its fat mimetic property, which is successfully used in the production of mayonnaise, margarine [Cieslak & Gebusia, 2011] , processed meats [Hadorn et al., 2007] or yogurts [Kip et al., 2006] . Inulin was also applied in bread [Filipovic et al., 2010; Morris & Morris, 2012] and pasta [Brennan, 2004] production.
Food products with inulin in the role of a fat replacer can reduce the risk of obesity and support the process of treatment. Value of NOEL for inulin (No Observed Effect Level) is 30 g per day [Coussement, 1999] per day is well tolerated by adult consumers without the presence of any detrimental gastrointestinal symptoms. The purpose of the study was to determine the possibility of reducing fat content in fatty sponge-cake products by addition of inulin and to determine its impact on the product quality by applying the principal component analysis (PCA).
MATERIALS AND METHODS

Materials
During the experiments, two entirely vegetable fats: bakery fat Akobake (AK) -trans-free fat with trans isomers (<10 g/kg of FAME -Fatty Acid Methyl Esters) -and partially hydrogenated rapeseed fat (HR) with a high content of TFA (about 500 g/kg of FAME) (presented in Table 1 ) were used. Inulin from Orafti Beneo ® HPX-Orafti SA, Belgium (inulin content-100%, DPav  23) was added in the amount of 20 g/kg, 35 g/kg, 50 g/kg, 62.5 g/kg in relation to the total mass of the raw dough. The rest of the recipe consisted of wheat fl our type 480 including 320 g/kg of wet gluten, sugar powder and fresh eggs purchased at a local food market.
Technology of production and baking of fatty sponge--cake products
Recipes for the products analyzed are presented in Table 1 and the manufacturing process is described in Figure 1 .
Raw dough was placed in molds of 350 g and baked at 185°C for 45 min in an electric furnace of Sveba Dahlin, Sweden Fristad DC-32E. Three samples of each pastry were made.
Analysis of fats
Prior to the analysis, the Gas Chromatography (GC) fat sample was derivatized to fatty acid methyl esters (FAME). 100 mg of the fat extract was dissolved in 10 mL of hexane, and next 100 μL 2N of potassium hydroxide was added.
FA content was analyzed using a gas chromatograph Agilent Technologies 7890A equipped with a FID detector with a capillary Restek 2330 type, 100 m, 0.25 mm, 0.2 μm df column (90% biscyanopropyl/10% phenylcyanopropyl).
The following parameters of analysis were used: helium as a carrier gas, fl ow rate 1.2 mL/min, temp. of injector and detector: 250°C and 300°C, respectively, split ratio 1:50; the temperature program was as follows: 100°C for 4 min, increased by 3°C/min to reach 240°C. Quality (retention time) and quantity (internal normalization) were evaluated using standards of fatty acids methyl esters (Supelco).
Density and porosity
Batter density and crumb density were determined based on Rahmati et al. [2013] using the following equation:
where: M s -density of batter/ crumb (g/dm 3 ), M -mass of batter/crumb (g), V -volume of batter/ crumb (cm 3 ), accordingly.
In addition, average porosity of the crumb was determined using the following formula [Horubalowa, 1983] :
where: x -crumb porosity (%), a -volume of a cut cube with an intact crumb (50.7 cm 3 ), b -volume of crumb after removal of the porous structure (cm 3 ). The water content was determined 24 h after baking by drying 5-g samples at 103±2°C for 3 h.
The fi nal results were calculated as a mean of at least three replicates.
Instrumental analysis of crumb texture
Textures of the products were analyzed instrumentally using a ZWICK texture analyzer, type 1120. Tests of cut and double compression have been conducted. 20-mm thick samples were cut using a straight-blade knife with a force of 0.5 N and the initial moving speed of the operating element was equal to 50 mm/min. The double compression test consisted of double squeezing of crumb samples (40×40×40 mm). The samples were compressed using a plate until relative compression was equal to 50%. Hardness (the force necessary to attain a given deformation), cohesiveness (the strength of internal bonds making up the body of a product), elasticity (the rate at which a deformed material returns to its original shape after the deforming force is removed), and chewiness (the energy required to masticate a solid food product to a state ready for swallowing) were determined -the defi nitions were based on the literature [Surmacka-Szczesniak, 1963] .
Crumb texture image was analyzed using a scanning electron microscope by FEJ QUANTA 2000 ESM ENVIN-RONMENTAL company. Conditions of the analysis were as follows: room temperature, absence of a conductive layer, accelerating voltage 27 kV, the detector 'Det LFD', and low vacuum of 130.6 Pa. Photographs were taken at a magnifi cation of 50x.
Energetic value
Energetic values of the investigated products were determined in reference to a table of energetic (caloric) values of particular components [Kunachowicz, 2005] .
Sensory evaluation
Detailed sensory characteristics of the products were determined by means of quantitative descriptive analysis (QDA) using the analytical procedure described in ISO 13299 standard [ISO, 2003] . A group of 20 trained persons identifi ed discriminants of the samples: appearance, odor, texture, and taste. 
Statistical analysis
Results for the physical and sensory parameters of the dough were analyzed using principal component analysis with classifi cation (PCA). The coeffi cient of Pearson correlation between the physical properties of the samples was also calculated. The results were subjected to one-way ANOVA. The Duncan test served to assess the differences between means. The level of p>0.05 was considered signifi cant. The statistical analysis employed Statistica 10.0.
RESULTS
The effect of inulin addition on quality of the intermediate product
The substitution of fat characterized by a low content of trans fatty acids (TFA) (2.1 g/kg of FAME) with inulin signifi cantly increased density of the batter. In the case of fat having a high content of TFA (511.2 g/kg of FAME), such a signifi cant decrease of intermediate product aeration was not observed. Batter without fat (-6.25) was characterized by best aeration ( Table 3 ).
The effect of inulin addition on quality of the crumb and water content in the crumb of fatty sponge-cake products
The addition of 20 to 62.5 g/kg of inulin signifi cantly reduced fat content and energetic value of the obtained products. With a total elimination of fat, the energetic value of fatty sponge-cake products decreased by as much as 900.2 kJ/100 g of the product (Table 2) .
Regarding the substitution of high-TFA fat (HR)with inulin, a lower variation in the quality of crumb products compared to fatty sponge-cake products without TFA (AK) was observed. The largest addition of inulin in the samples containing fat (50 g/kg) resulted in an improved quality of crumb products with HR fat. However, in the case of AK substitution, it was found that 20 g/kg addition of inulin had a positive effect on the studied physical parameters of the crumb. Fat-free products with 62.5 g/kg addition of inulin were characterized by the lowest density and highest porosity ( Table 3) .
The highest moisture content was observed in the products with the largest additions of inulin (50 and 62.5 g/kg). Even the smallest addition of inulin (20 g/kg) increased water content in the products with HR fat by 27 g/kg, and in the products including AK fat by 17.6 g/kg (Table 3) .
The study involved instrumental measurement of mechanical properties of the crumb and its results were used to evaluate hardness, cohesion, elasticity, and chewiness. * -control sample '-' -fat-free, ** -in relation to the amount of fat in the control sample. The products were investigated 24 h after baking.
The maximum force required to cut the crumb of samples of fatty sponge-cake products increased in line with the inulin addition. A greater force was required to cut the high--TFA samples (HR). In respect of fat-free products (62.5 g/ kg inulin), a statistically signifi cant decrease of its value was noticed compared to the fat-containing products (Table 3 ).
An increased inulin addition and a simultaneous lower content of fat in the products caused an increase of cohesiveness, elasticity and chewiness of the crumb, regardless of the fat type (Table 3 ). In the case of the products containing a trans-free fat (AK), smaller growth of cohesiveness was observed: from 0.404, for samples without inulin, to 0.517 -for the fat-free products (with 50 g/kg inulin). With reference to elasticity, a larger variation occurred in the products with fat (HR) having high content of TFA (from 0.725 to 0.790). A larger increase of hardness was observed in the products with AK fat (from 17.492 N, for products without inulin, to 47.664 N for products with 50 g/kg inulin). The lowest values of hardness and chewiness were found in fat-free products (Table 3) .
Based on the statistical analysis, it was found that the mechanical properties of products showed a statistically signifi cant (p=0.05) correlation with density of the batter (d d ) and with the crumb of the fi nished product (d P ), as well as with its porosity. Additionally, a strong positive correlation was found between water content, and cohesiveness, and elasticity of the products (Table 4) .
The components used to interpret the results were chosen based on Cattell scree criterion. The physical characteristics of cakes were described by two components (PC1 and PC2) that explained 95.36% of the variability. ed), and porosity (strongly negatively correlated). The second component (31.72%) was strongly associated with moisture, cohesiveness, and elasticity ( Figure 2a ). Taking into consideration the fi rst component (mechanical properties and density), the products including fat with a high content of TFA, regardless of the amount of inulin in the formula, and the product of trans-free fat with 50 g/kg of inulin (HR 0, HR 2, HR 3.5 HR 5, AK 5), as well as the samples with the highest content of AK (AK 0, AK 2) were the most similar to each other. Taking into account both the components, on the other hand, the products with 20 and 35 g/kg inulin addition containing HR (HR 2 and HR 3.5) and products with 50 g/kg of inulin (AK HR 5 and 5) were the most similar. It was demonstrated that the fat-free product (62.5 g/kg of inulin) was not similar to any of the other samples ( Figure 2b ).
The variable plot (Figure 2b) shows that, with an increasing inulin content in products, location of the samples tended towards the right bottom corner, which is associated with a higher water content, elasticity, cohesion (PC1) and the maximum compressive force and chewiness (PC2).
The microscopic image analysis showed differences in the shape and distribution of the air cells of the analyzed products ( Figure 3 ).
Air cells of products without the inulin addition, as well as those with no added fat (62.5 g/kg inulin), were more evenly distributed across the intersection of the samples compared to products with a reduced fat content. Air cells shown at the intersection of fat-free products (containing 62.5 g/kg inulin) had more regular shapes (similar to a circle) than the samples without inulin (Figure 3) . The effect of inulin addition on sensory quality of the sponge-fatty products Average results of the sensory evaluation of the products are given in Table 5 .
The addition of inulin did not affect negatively the ability to detect the typical odor of fatty sponge-cake products. Fat--free samples showed the highest intensity of this feature. Furthermore, products with higher levels of inulin were characterized by a reduced intensity of foreign and fl our odor. Products without the addition of inulin (control samples), regardless of the type of fat, showed the highest intensity of fatty odor.
The substitution of fat (of whatever type) by inulin had a positive impact on discriminants of appearance. The fat--free product was characterized by a homogenous crumb structure and color.
The addition of inulin also affected discriminants of products texture. Porosity of all products containing fat (HR), regardless of the amount of inulin addition, was evaluated at a similar level (from 41 to 44). Among the products with AK fat, considered to be the most porous, were the samples without any and with the lowest addition of inulin (20 g/kg).
Increasing addition of inulin to the products with fat, according to the evaluators, reduced moisture of the cakes. Products without fat (62.5 g/kg inulin) were considered as medium porous and "dry', which did not confi rm the results obtained using instrumental methods (Table 3) . A larger inulin addition (above 35 g/kg) enhanced the products' chewiness, regardless of the fat type. Elasticity of the products was evaluated at a similar level, from 33 to 36, regardless of the variant.
In the case of batter including fat with a high content of TFA (HP), products without and with 35 g/kg of inulin content had the most typical taste. The taste of products including fat with a low content of TFA (AK) and 20 g/kg and 35 g/kg addition of inulin was rated best. The typical taste was weakly recognizable in fat-free products.
On substitution of trans-free fat (AK), the lowest overall quality was noticed for products with 35 g/kg addition of inulin and, in the case of HR elimination (a high content of TFA), for products with 50 g/kg inulin. Sensory properties were described by means of two principal components (PC1, PC2) explaining 74.46% of the discriminants variability (Figure 4a ). The fi rst component was explained by 49.25% variables connected mainly to the taste and odor of the product (it was positively correlated with chewiness and fl our taste and negatively with moisture, and oily odor, homogeneity of crumb, oily and foreign taste, and overall quality). The second component explained 25.21% of the variability and was strongly positively correlated with hardness and elasticity, and negatively with the typical odor.
Based on the PCA analysis of the sensory characteristics of the products (Figure 2b) , it has been shown that products including fat with a high content of TFA (HR) were similar and exhibited the largest chewiness and fl our taste. The samples with trans-free fat and with the lowest addition of inulin (AK 0, AK 2) were similar in respect of sensory quality (over- all quality, homogeneity of crumb, moisture, oily taste, foreign taste and odor), as well as in respect of physical parameters (Figure 2b ). The principal component analysis revealed a similarity between fat-free products (-6.25) and products containing the largest addition of inulin based on trans-free fat (AK 5).
DISCUSSION
A partial substitution of fat with inulin did not signifi cantly change the quality of the intermediate product, especially where fat with a high content of TFA was removed. A total elimination of fat from the recipe and its replacement with inulin improved aeration of the batter. It has been shown the fats held the air introduced to the pastry to varying degrees and it can be assumed that these differences were due to the composition of fatty acids in the fats used. Fats with a high solid content, characterized by a large number of small fat crystals with a high melting point, can stabilize air bubbles in the batter. On the other hand, too hard a fat can impede batter aeration [Brooker, 1996; Autio & Laurikainen, 1997] . High contents of TFA and SFA provide a high melting point and a solid fat content [Żbikowska et al., 2012] .
Reducing energetic value of the product, which traditionally contains large amounts of fat, is important in view of overweight and obesity, common in societies of developed countries [De Onis, 2010; Biro & Wien, 2010] . In accordance with the recommendations of the Committee for Nutrition. the quantity of fat in the diet should be limited and TFA should be eliminated [EFSA, 2010] . The total elimination of fat in the tested products seriously reduced the energetic value (Table 2 ) and eliminated nutritionally-unfavorable fatty acids.
Regardless of the degree of fat substitution withy inulin and the type of fat, crumb of the products was characterized by good quality (Table 3) . Ziobro et al. [2013] found that the addition of inulin increased bread volume and reduced bread crumb hardness. In contrast, Brasil et al. [2011] showed that only larger additions of inulin caused changes in volume and crumb porosity. The results obtained during our analysis differ depending on the type of fat. In the case of the fat with a high content of TFA (HR), the highest addition of inulin (50 g/kg) was preferred. In the case of trans-free fat substitution (AK), the minimum addition of inulin (20 g/kg) improved physical properties of fatty sponge-cake products ( Table 3 ).
The addition of inulin caused an increase of water content in the products. Górecka et al. [2001] revealed a higher water content of confectionery products containing inulin. On the basis of PCA projection, a strong correlation was identifi ed between moisture of fatty sponge-cake products and their cohesion and elasticity (Table 3) .
Fat has a much greater infl uence on the texture of cakes than sugar or fl our [Brasil et al., 2011; Zoulias et al., 2002] . Results obtained during our experiments showed that the level of fat substitution and its type affect the mechanical properties of the tested products. Increase of fat substitution with inulin boosted the maximum force required to cut the crumb of fatty sponge-cake samples and increased their hardness, cohesiveness and elasticity. Laguna et al. [2013] also found that the magnitude of the force depended on the type of fat replacer and on its concentration. The increase in the maximum force was greater when fat was replaced with inulin. Brasil et al. [2011] showed that adding 60 g/kg inulin as a fat replacer did not signifi cantly affect any of the attributes investigated, while a 100 g/kg addition resulted in a signifi cantly altered texture. In addition, Ziobro et al. [2013] also found that inulin diminished the rate of bread staling (measured as the rate of crumb hardening). The mechanical properties of the crumb of the analyzed fatty sponge-cake fat-free samples differed from those of the other samples. Smaller forces were needed to cut them than for the other products. These products were also characterized by a lower hardness and chewiness than the other samples analyzed.
Fat is an important factor infl uencing sensory properties of products. According to Górecka et al. [2001] , the addition of 20 and 40 g/kg of inulin, improved the sensory characteristics of bakery products. Taking into account discriminants of the sensory quality of fatty sponge-cake products discussed in this paper (Table 5) , it can be concluded that the reduction of fat to 440 g/kg in products including fat with a high content of TFA in relation to the control sample and the introduction of inulin (35 g/kg) instead did not result in any significant changes of the overall quality of the products. However, in the case of products containing AK fat with a low content of TFA, its substitution with 320 g/kg of inulin (20 g/kg of inulin in relation to the total mass of the sample) diminished the quality of products (Table 5) . A cluster analysis and PCA of sensory quality discriminants revealed that the fresh bread prepared with inulin was clustered in the same group as the control sample and in the vicinity of the control on the PCA biplot [Polaki et al., 2010] . On the basis of statistical analysis (QDA), one can also state that adding 60 g/kg of inulin as a fat replacer did not signifi cantly affect any of the attributes investigated, while a 100 g/kg addition resulted in significantly altered color of the crumb [Brasil et al., 2011] . Filipovic et al. [2010] said (using a scorecard system) that the addition of 50 g/kg of inulin did not signifi cantly reduce the sensory quality of bread crumb. However, according to Laguna et al. [2013] , replacement of more than 150 g/kg of fat with inulin causes deterioration of the sensory quality of biscuits, especially their texture. Previous studies also obtained acceptable scores for low fat biscuits. Seker et al.
[2010] studied the sensory effect of apricot kernel fl our in biscuits replacing up to 40 g/100 g of fat and found acceptability scores that were not signifi cantly different from the control. Based on Zoulias et al. [2002] , it can be concluded that the overall quality declines if fat replacement in a biscuit formulation is higher than 50%. In the present study, fat-free products with 62.5 g/kg addition of inulin were highly rated in terms of sensory quality (Table 5 ). However, it should be emphasized that the PCA has shown that they are not substantially similar to classic fatty sponge-cake products. Their physical features and sensory panel acceptance suggest that products with a reduced energetic value and without fatty acids trans isomers can be appreciated by consumers.
CONCLUSIONS
The results indicate the possibility of eliminating fat from fatty sponge-cake products by replacing it with inulin. This fat substitution allows eliminating adverse TFA, reducing energetic products' value, and simultaneously enriching them with nutritionally-valuable oligosaccharides. Products with reduced fat content and inulin addition were characterized by good crumb quality and were highly rated from the sensory point of view. On this basis, it can be concluded that inulin in the production of fatty sponge-cake products may perform the technological functions and at the same time increase the nutritional value. Furthermore, products without the addition of fat had porous, spongy structure and a high overall quality, and can therefore be an alternative to the conventional fatty sponge-cake products as a factor that supports prevention of many diseases and food-related disorders.
Results obtained during the experiments described in this paper look promising and it is worth proceeding further in this fi eld. The scope of research will be extended by replacing fat with inulin in other bakery based products in order to make the products analyzed better suited to customer expectations.
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